Although so much stress is laid on the physiological reactions of bacteria in their identification and classification, little investigation (except to distinguish aerobic from anaerobic forms) has been devoted to the fundamental process of respiration in these organisms. In order to throw some light on the nature of this process and to compare the results with those obtained with other plants and with animals, a series of studies upon the respiration of bacteria has been undertaken. The present paper describes the results of some experiments on the effects of ether.
ing the same concentration of phenolsulfonephthalein as the experimental solution and contained in Pyrex tubes of the same size. The tap water was found to have a pH value of 8. 3 .
All experiments were done in Pyrex tubes each containing a total of 5 cc. of liquid as follows: Various amounts of tap water plus three standard drops of bacterial emulsion and sufficient saturated solution of ether in tap water to make the following concentrations of ether by volume: 0.037, 0.183, 0.329, 0.438, 0.95, 1.46, 2.9, 4.38, 5.84, and 7.3 per cent.
Each tube, therefore, contained a total volume of liquid amounting to 5 cc. in which the concentration of indicator was the same. The number of bacteria was made as nearly equal as possible in the different tubes by taking a uniform emulsion, mixing it thoroughly before taking the drops from it, and using a standard dropper so as to have the drops of equal size. The emulsion was transferred almost simultaneously to all the tubes. The tubes were then quickly closed (by clean corks boiled in paraffin) with the exclusion of all air and determinations were made by comparison with the standard set of buffer solutions contained in tubes of the same size. In every case there was a control consisting of organisms in tap water without ether, and of ether in tap water without organisms.
To see if phenolsulfonephthalein is toxic to bacteria, several trials were made by placing bacteria in a liquid of known pH value and after respiration had gone on for a definite time adding the indicator, and comparing that result with the color of a control tube to which the indicator was added at the beginning of the experiment. No difference in rate of respiration was observedJ It was also found that ether has no buffer action to interfere with the measurement of the rate of respiration.
That the bacteria under these conditions give off no alkali or acid (other than carbonic) is shown by driving off the CO2 at the end of the experiment. The solution then returns to the original pH value.
A great deal of variation in cultures of different ages was observed. Those more than 24 hours old have a markedly lower rate of respiration than cultures between 18 and 24 hours old. The time required to change the pH value from 8.3 to 8.1 by respiration may be only a few minutes when the culture is young, while as much as 6 hours may be necessary in the case of an older culture. This might be due to the fact that in the older culture the bacteria have gone into the resting stage or have produced spores. In this stage ether has little or no action upon the respiration of the bacteria.
The temperature maintained was from 18-20°C. as this was found to be sufficiently constant. Presumably the respiration of bacteria has the ordinary temperature coefficient of 2. A few experiments were tried at about I°C. and it was found that exposure to this temperature for 15 minutes had a marked after effect, as little or no respiration was observed for about 6 hours.
In the earlier experiments it was thought desirable to permit respiration to produce a definite change in pH value and then wash out the COs with H2 or with air free from CO2. But this was found to injure the bacteria (owing probably to mechanical or chemical disturbances), so that the rate of respiration was greatly diminished. Therefore it was necessary to use separate tubes for the control and for each concentration of ether (instead of finding the normal rate of respiration of a given tube and afterward exposing it to ether). I t was possible to do this as a number of readings showed a fairly constant rate of respiration.
The rate is obtained by taking the reciprocal of the time required to produce a given change in pH value. It is expressed as per cent of the normal rate which is always taken as 100 per cent. Fig. 1 shows a comparison between the respiration of Bacillus subtilis in tap water and in four concentrations of ether (by volume). In every case the rate is more rapid at first and becomes slower as the reaction of the medium becomes more acid. The normal curve, indicated by the dotted line, shows a slower rate than any of the other curves. In no case does the indicator show the pH value to be below 6.8 to 6.4.
When higher concentrations are used, the respiration is more rapid during the first few pH intervals and much slower during the last few. In fact, concentrations of ether as high as 1.46 per cent and upward never reach so low a pH value as concentrations below 1.46 per
III cent. For example, the curve readily shows that 7.3 per cent ether~ although causing a rapid respiration at first, does not produce a lower pH value than 7.9. After allowing these tubes to stand several days, they change about 0.2 pH unit, or reach 7.7 pH, owing probably to the fact that there are a few surviving organisms that are perhaps more resistant than the majority, as later experiments indicate. There is a sudden outpouring of CO2 followed by cessation of respiration. Fig. 3 plotted in the same way, shows the effect of lower concentrations of ether upon the rate of respiration as compared with the normal curve (dotted line).
Curve 1 in Fig. 4 shows the rate of respiration in various concentrations of ether during the first interval in which the pH value changes from 8.3 to 8.1. The rate is taken as the reciprocal of the time required to change the pH value from 8.3 to 8.1. The curve shows a gradual increase in respiration as the concentration of ether increases. The curve rises more rapidly from 2.9 to 5.84 per cent, and very rapidly near 7.3 per cent. In fact, the change in pH value at 7.3 per cent is almost instantaneous. The great increase in respiration in 7.3 per cent ether in tap water raises the question whether the bacteria were injured. To obtain some light on this question, the contents of each tube were tested (after an exposure to ether lasting 20 minutes) by plating the bacteria on Petri plates and counting the colonies. Two loopfuls of solution from each Pyrex tube were diluted in 10 cc. of sterile water and from The figures expressing the per cent of ether should be corrected by multiplying by 0.73. these, one loopful was placed in 10 cc. of agar-agar and plates were poured in triplicate. These plates were incubated over night at 37°C. and counted the next day. The results were expressed as per cents of the normal. These per cents are plotted as ordinates in Fig. 5 and the concentrations of ether as abscissae. In performing this experiment all precautions were observed to ensure sterility of the media.
S T U D I E S O N R E S P I R A T I O N . I I I
To show what effect a longer exposure to ether would have upon the bacteria, another set of plates was poured in the same manner as the first set except that the bacteria were allowed to remain in ether for 1 hour. The solutions tried were (1) SUMMARY.
